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RESEARCH MEMORANDUM 
STNrIC WNGITUDlNAL AND LATERAL STABILITY AND CONTROL 
CHARACTERISTICS OF AN AIRPlANE CONFIGURATION 
HAVING A WING OF TRAPEZOIDAL PLAN FORM 
WITH VARIOUS TAIL AIRFOIL SECTIONS 
AND TAIL ARRANGEMENTS AT A MACH 
NUMBER OF 6.86 
By J i m A. Penland, David E. Fetterman, Jr., 
and Herbert W. Ridyard 
SUMMARY 
An investigat ion has been carried out in the Langley II-inch hyper-
sonic tunnel to determine the static longitudinal and lateral stability 
and control characterist ics of an airplane configuration having a trape-
zoidal wing with a modified hexagonal airfoil section and equipped with 
various tail airfoil sections and tail arrangements. Tail airfoil sec-
tions tested were a 100 wedge, a flat-plate section, and a series of 
composite airfoils consisting of flat plates forward of the hinge lines 
and wedges behind the hinge lines. The tests were made at a Mach number 
of 6.86 and a Reynolds number of 343,000 based on the wing mean aerody-
namic chord. Data were obtained for angles of sideslip up to 100 and 
angles of attack up to 250 for the complete model with the cruciform 
100 wedge horizontal and vertical tails and for the complete model with 
various tail arrangements. 
INrRODUCTION 
Previous experimental investigations at the Langley Laboratory of 
the supersonic airplane configuration shown in figure 1 have been made 
by using wedge airfoil sections for the horizontal and vertical tails. 
These investigations have supplied the longitudinal and lateral stability 
and control characterist ics for a complete model and various combinations 
of its components at Mach numbers of 4.06 and 6.86 (refs. 1 to 6). 
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The purpose of the present investigation was to determine the 
effect of tail airfoil sections on the stability and control character-
istics of the aircraft configuration tested in references 1 to 6 . A 
series of tail airfoil sections were tested which simulated an airfoil 
whose section could be changed from a flat plate to a section consisting 
of a flat plate forward of the hinge line and a wedge behind the hinge 
line. Such airfoils would provide a tail configuration in which the air-
foil sections could be changed during a flight of changing Mach number 
to provide the variable effectiveness necessary. Tail arrangements, 
other than the original cruciform horizontal- and vertical-tail configu-
ration and those reported in references 5 and 6 were tested to provide 
additional comparisons of some of the many possible arrangements. 
The design of the basic configuration (fig. 1) incorporated rela-
tively large leading-edge radii on both the wing and tail surfaces in 
order to provide adequate heat capacity at the leading edge to keep the 
heat - transfer rates, at hypersonic speeds, within feasible limits. From 
recent information on the beneficial effects of leading-edge sweep and 
the use of materials capable of withstanding higher temperatures, it 
appears that smaller radii could have been used with resulting improve-
ment in the aerodynamic characteristics . However, in order to provide 
a consistent basis of comparison, the large leading-edge radii were also 
used for the present tests. 
Six-component data have been obtained for the complete model with 
the various tail arrangements and tail airfoil sections. The present 
paper contains the static longitudinal and lateral stability and control 
results for various horizontal-tail deflections. 
COEFFICIENTS AND SYMBOLS 
The results of the tests are presented as coefficients of forces 
and moments. The longitudinal data are referred to the stability-axis 
system and the lateral data are referred to the body-axis system. The 
body- and stability-axis systems are illustrated in figure 2 and the 
axis-transfer equations are given in the appendix. As indicated in the 
appendix, lateral-force and pitching-moment coefficients are unchanged 
in this transfer of axes. The moment reference is at 54 percent of the 
wing mean aerodynamic chord (52.66 percent of the body length measured 
from the nose). The coefficients and symbols are defined as follows: 
CL lift coefficient, -zS/qS 
CD drag coefficient, -XS/qS (at 0 00 ) 
CD minimum drag coefficient 0 
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M' 
N 
q 
S 
b 
c 
c 
M 
R 
a 
f3 
i H 
lift-drag ratio, CL/CD 
normal-force coefficient, -Zs/qS 
lateral-force coefficient, Y/qS 
rolling-moment coefficient, Ls/qSb 
pitching-moment coefficient, M'/qSc 
yawing-moment coefficient, N:B/qSb 
force along X-axis 
force along Y-axis 
force along Z-axis 
moment about X-axis 
moment about Y-axis 
moment about Z-axis 
free-stream dynamic pressure 
total wing area including area submerged in fuselage 
wing span 
wing chord 
wing mean aerodynamic chord 
Mach number 
Reynolds number 
angle of attack, deg 
angle of sideslip, deg 
incidence angle of horizontal tail, deg 
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Subscripts: 
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rate of change of pitching-moment coefficient with angle of 
attack, (~m) , per deg 
a;:=0 
rate of change of lateral-force coefficient with angle of 
sideslip at zero sideslip angle, (~CY) , per deg 
13 13=0 
rate of change of rolling-moment c'oefficient with angle of 
sideslip at zero sideslip angle, (~~l) ,per deg 
13=0 
rate of change of yawing-moment coefficient with angle of 
sideslip at zero sideslip angle, (~Cn) ,per deg 
13 13=0 
body-axis system 
stability-axis system 
MODELS AND APPARATUS 
Models 
The basic model used for the present tests is shown in figure 1. 
Details of this model are given in the three-view drawing (fig. 3) and 
in the table of geometric characteristics (table I). The model was 
equipped with removable tail surfaces which enabled the testing of tail 
surfaces with the follOwing airfoil sections: 100 wedge (the results of 
whi ch were previously presented in refs. 1, 2, and 5), flat plate, and 
composite sections made up of flat plates extending from the leading 
edge to the hinge line, with 100 , 200 , and 300 total-angle wedges 
extending from the hinge line to the trailing edge (re~. 7). All tail 
airfoil sections had approximately identical leading-edge radii (fig. 4). 
The previous tests of references 2 and 5 have shown the bottom 
vertical tail to be most effective in producing lateral stability at 
high angles of attack; however, from take-off and landing conSiderations, 
a tail surface in this location is undesirable. Therefore, in order to 
retain some of the directional stability of the lower vertical tail and 
to eliminate, to a large extent, its take-off and landing disadvantages, 
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a stub of t he lower vertical-tail configuration was tested (figs . 4 
and 5). The addition of a lower stub tail, having an exposed are& of 
one-quarter of t he exposed, bottom vertical-tail area, to the conven-
tional top vertical and horizontal tails was believed sufficient to give 
positive values of the lateral-stability parameter Cn~, throughout the 
angle-of-att a ck range tested. Sketches of the stub t ail and the various 
tail airfoil sections tested are shown in figure 4. 
In addition, the model with 100 wedge tai l airfoil sect ions was 
tested with t he tail surfaces rotated 450 fro~ the original vert ical and 
horizontal pos i tions. Designations for the various tail configurations 
tested are shown i n figure 5. 
The complete model (equipped with the 100 wedge tail a i rfoil sec-
tions) mount ed for testing in the tunnel is shown in figure 6. A dis-
cussion of some of the design features of the model i s incl uded in 
reference 1 . 
Balance and Model Support 
Six-component force and moment measurements were made by means of 
two strain-gage balances. Five components, including normal force, 
lateral force, pitching moment, rolling moment, and yawing moment, were 
measured on a ba lance mounted inside the model. The sixth component, 
chord force , was obtained on a two-component external balance measuring 
normal force and chord force. In addition, a one-component external 
balance was used to measure pitching moment in some of the pitch tests. 
The five - component balance was initially designed to mea sure only 
four component s ; t herefore, in order to adapt the bal ance f or use in the 
present program, strain gages were added to the balance st ing and cali-
brated to measure rolling moment. This method of obtai ning a r olling-
moment component resulted in less sensitivity than desired. 
The model was attached to the balance so that constant ge ometry 
between mode l and balance was maintained for all test angles . The model 
was placed at an a ngle of sideslip by means of a bent sting; angles of 
attack were obtained by rotating the model and balance about a horizontal 
axis normal to the wi nd stream. This type of model r ot at ion necessitated 
a correction to the st atic angles of attack and sideslip a nd these cor-
rections combi ned with t he model deflections due to aer odynamic loads 
were incorporated in computing the corrected t est angle s. Model deflec-
tions were obtai ned through the use of angles measured from schlieren 
photographs and the balance - deflection calibration. 
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Wind Tunnel 
The tests were conducted in the Langley II-inch hypersonic tunnel. 
For this investigation, the tunnel was equipped with a single-step two-
dimensional nozzle constructed of Invar. The nozzle was designed by the 
method of characteristics with a correction made for boundary layer and 
operates at an average Mach number of 6.86. The duration of each run 
was about 80 seconds, and the variation of test-section Mach number with 
time is negligible after the first 15 seconds of running time. This con-
stant Mach number flow made it possible to obtain forces for several 
angles of attack during each run. The model was held at low angles of 
attack for starting and ,stopping the runs in order to minimize shock 
loads on the strain-gage balance which supports the model. 
Tests 
Tests were made at an average stagnation temperature of 6750 F to 
avoid air liquefaction (ref. 8), a stagnation pressure of 20 atmospheres 
absolute, and a test Mach number of 6 .86 . These conditions correspond 
to a Reynolds number of 343,000 based on wing mean aerodynamic chord. 
The absolute humidity was kept to less than 1.87 x 10-5 pounds of water 
per pound of dry air for all tests. Tests were made at angles of side-
slip from -50 to 100 through an angle-of-attack range of -50 to 250 . 
The model was tested with horizontal-tail incidences of 00 , about _100 , 
and _200 • 
PRECISION OF DATA 
The probable uncertainties in the force and moment coefficients for 
individual tests points - due to the balance system and variations in 
the dynamic pressure - have been evaluated and are presented as follows: 
CL . to.03 
CD t o .o06 0 
CN • to.02 
Cm t o .OO5 
Cy ±0. 005 
Cn ±0.0015 
C2 . . . . . to.OO) 
In general, the faired curves should be more accurate than these values. 
The angle of attack ~ and angle of sideslip ~ were accurate 
within to.lOo • 
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RESULTS 
The exper imental aerodynamic characteri stics of the mQdel with 
various tail a i rfoil sections and t a il-surface locat i ons are given in 
tables II t o I V. Plots representing portions of the data incl uded in 
these tables a re presented in figure s 7 to 19. 
7 
The vari at i ons of CL' CD, and LID with angle of at t ack for the 
model at ~ = 00 with the different tail airfoil sect ions at iH = 0° 
are shown in figure 7. Figure 8 presents s i milar data for 
the x-tail configuration having a 100 wedge tail sect ion. 
the variations of ~ with ~ for the complete mode l a t 
the various t a i l a irfoil sections at iH = 00 , iH ~ _100 , 
t he model with 
In figure 9, 
/3 = 00 with 
o 
and iH = -20 
are presented . I n order to show the effect of the wing on t he pitching-
moment charact e r istics of the model, data for the body-tai l configuration 
are also included in figure 9. 
The effects of tail airfoil section on the variations of t he longi-
tudinal characteri stics CL, CD' LID, and Cm with angle of attack for 
the model at ~ = 00 are presented in figure s 10 to 13 . Some of these 
data are taken f rom figures 7 and 9 and are repeated here f or comparison 
purposes. The er r atic characteristics in the pitching-moment variations 
of the model i n t he angle-of-attack range 00 to 100 wit h iH ~ _100 (see 
fig. 9 or fig. 13 (c)) are due partly to the effect of t he wing wake on 
the horizonta l tai l which, as can be seen in t he three-view drawing 
(fig. 3), is di rectly in line with the wing. 
The effe cts of tail airfoil section on the variations of the lateral 
characteristi cs CY' C2, and Cn with sideslip angle of the model at 
a = 0° are s hown in figure 14. 
Figure 15 presents the variations of the minimum dr ag coe f ficient 
and the stat i c st ability derivatives ~, Cy~, C2~' and Cn~ with 
angle of tail f l are for the complete model. Values of these parameters 
obtained with t he 100 wedge tail airfoil section are also incl uded for 
comparison purposes . 
The results of changing the tail-surface geometry ( st Ub-tail con-
figuration) and location (x-tai l configuration) both having 10 0 wedge 
airfoil sect i ons a re given in f igures 16 to 19 . The var iat ions of CY' 
C2' and Cn with sideslip angle for the stub-tail configuration at 
various angle s of attack are shown in figure 16. The pitching-moment 
characteristi cs a t ~ = 00 of the complete model, x-tail configuration, 
and stub-tail configuration are pres~nted in f igure 17, and t he lateral 
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stability characteristics at ~ = 00 for these configurations are pre-
sented in figure 18. 
The variations of the lateral-stability derivatives Cy~, Ct~, 
and Cn~ with angle of attack for the stub-tail and other tail configu-
rations previously reported are given in figure 19. Data for all tail 
configurations shown, except the stub tail, were obtained from refer-
ences 2 and 5. From the variations of Cn with angle of attack, it is ~ 
apparent that at the higher angles of attack, the stub tail, having only 
25 percent of the original exposed lower tail area, gave about 33 percent 
of the effectiveness obtained previously from the original lower, verti-
cal fin. The effectiveness of the stub tail does not vary directly with 
its area because it is operating in a region of high dynamic pressure 
brought about by the compression wave emanating from the nose of the 
fuselage, particularly at high angles of attack . 
Typical schlieren photographs of the complete model equipped with 
the tail airfoil sections tested are shown in figure 20; and figure 21 
contains schlieren photographs of the model with various tail arrange-
ments using a 100 wedge tail airfoil section. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., June 9, 1955. 
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APPENDIX 
AXIS-TRANSFER EQUATIONS 
The e~uat ions for transfer of force and moment coefficients from 
the body-axis system to the stability-axis system are as follows : 
sin a, 
CDS C~ cos a, + C~ ·sin a, 
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TABLE 1.- GEOMETRIC CHARACTERISTICS OF MODEL 
Wing: 
Area (including area submerged in fuselage), sq in. •.••• 6.24 
Span, in. .••......•. . • • . . • • 4. 33 
Mean aerodynami c chord, in. ..•. 1.716 
Root chord at plane of symmetry, in. . . • • 2.53 
Tip chord, in. 0.354 
Airfoil section 
Taper ratio 
Aspect ratio . . 
Sweep of leading edge, deg 
Hexagonal with round 
Sweep of quarter-chord line, deg . 
Incidence at· fuselage center line, deg 
Dihedral, deg •• 
Geometric twist, deg .... 
Horizontal or vertical tails: 
Area (including area submerged in fuselage), sq in. 
Span, in. .•...........• 
Mean aerodynamic chord, in. ..•. 
Root chord at plane of symmetry, in. 
Tip chord, in. 
Airfoil section . . . . 
Taper ratio 
Aspect rat i o • • . 
Sweep of leading edge, deg 
Fuselage: 
Length, in . ••...•. 
Maximum diameter , in. 
Fineness ratio . . 
Base diameter, in. 
Distance from nose to moment reference 
Ogive nose length, in. 
Ogive radius, in. . ..•.....•. 
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leading edge 
0.140 
3.00 
38.83 
29 
o 
o 
o 
. 2.06 
. 2.69 
0.853 
1.214 
0.317 
Variable 
0.261 
3·52 
22.63 
7.50 
0.790 
9·50 
0·790 
3·950 
2.29 
6.85 
12 
1H, n, P, 
deg . deg . deC · 
0 
- 0 . 02 0 
0 .9n 0 
0 l.?O 0 
0 2 .8) 0 
0 ) . 88 0 
0 5. 9) 0 
0 7. 87 0 
0 9 . 85 0 
0 11 . 78 0 
0 19 . 75 0 
0 24 . 68 0 
-10 0 . 00 0 
-10 1 . 07 0 
- 10 2 . OS 0 
-10 ) . 02 0 
-10 4 . 08 0 
-10 6 . 07 0 
-10 7. 90 0 
-10 9 .98 0 
-10 15 . 00 0 
-10 19.90 0 
- 10 25 . 00 0 
0 - 5 .17 - .01 
0 
- 2.17 - . 01 
0 
- . 08 - . 01 
0 1.92 - . 01 
0 3 . 75 - . • 01 
0 5 . 92 - . 01 
0 7.75 - . 01 
0 9 . 67 - . 01 
0 11 . 58 - . 01 
0 19.58 - . 01 
0 24 . 67 - . 01 
-10 - 4 . 67 0 
- 10 .17 0 
-10 2.00 0 
- 10 ) . 83 0 
-10 5. 92 0 
-10 7.83 0 
0 - 5.08 0 
0 - 2 . 00 0 
0 
-
.17 0 
0 1.83 0 
0 3 . 67 0 
0 5 . 67 0 
0 7 . 67 0 
0 9 . 67 0 
0 11 SO 0 
0 19.42 0 
0 24 . 08 0 
0 0 -5 . 00 
0 0 - 2. 08 
0 0 -1.25 
0 0 - .25 
0 0 . 75 
0 0 1.75 
0 0 2 . 83 
0 0 3. 67 
0 - 4 .8) 0 
0 - 2 .00 0 
0 
-
. 22 0 
0 2 . 08 0 
0 I~ . CY.l 0 
0 5 . 92 0 
0 7.72 0 
0 9 .8) 0 
0 11 . 75 0 
0 10 .58 0 
0 2',.)) 0 
0 0 .<. .92 
I 0 0 - 2 . 08 
1 0 0 - ) .17 
0 0 
- . 08 
I 0 0 . 75 
0 0 1.67 
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TABLE II. - AERODYNAMIC CHARACTERIsrICS OF THE MODELS KJ! M _ 6 .86; R _ 34},000; 
FIVE- CCJo!I'CfiEIIl' BODY -AXIS DATA 
CN Cm C{ Crt Cy 1H, 
dee · ", dee · 
p, 
de g. ~ Cm 
10" _!lie t.a1.a 
0 . 0027 - 0 . 0002 0 . 0008 0 . 0002 0 . 0007 - 20 O.OS 0 -<>. 0075 0 .0180 
.0065 - .00,7 . 0007 . 000) .0000 - 20 1.08 0 . 0025 . 0234 
. eMS - . 0088 . 0005 . 0002 - . 0009 - 20 2 . 27 0 . 0125 . 0)14 
. OS9) - .om . 0012 . 0000 - . 0018 - 20 ) .10 0 . 0150 . OS06 
. 0781 - . 0134 . 0011 . 0001 - .0015 -20 4 . 27 0 . 0201 . 0705 
.1168 - . 0206 - . 0002 . 0002 - . 002) - 20 6 . 07 0 . 075) . 0504 
.16)) - . 0)12 . 0001 . 0002 - . 0021. - 20 7. 95 0 .1200 . et42 
. 21)5 - . 0)94 . 0018 .000) - . 0028 - 20 10. 00 0 .1626 . et80 
.)679 - . 0754 . 0026 . 0002 - . 00)8 - 20 15 .10 0 . 2950 . OS26 
. 5735 - .1)11 .00)) - . 0008 - . 0032 - 20 20. 18 0 .4697 . et75 
. 7657 - . 2021 .0066 - . 0011 - . 0066 - 20 25 .17 0 . 6911 . 0294 
- . 00,9 . 0115 . 0007 . 0000 - . 000, 0 - .1) -1.99 - . 0019 . 0018 
. 0062 . 0170 - . 0001 - .0002 . 0005 0 . 00 . 01 - . 001) - . 0005 
. 0198 . 0181 - . 0010 . 0002 . 0002 0 . 00 .99 . 0024 . 0010 
. 0)54 . 0222 - . 0021 - . 0002 - . 0002 0 . 0) 1.98 . 00)8 . 0016 
. OS06 . 02)1 - . 0022 - . 0001 - . 0011 0 . 08 2 . 96 - .000) .0012 
.0910 . 0129 - . 0035 . 0000 - . 0022 0 . )5 3.95 . 0041 - . 0010 
.1)52 . 0083 . 0011 . 0001 - . 0022 0 . 00 4.94 - . 0024 - . 0016 
.1783 .0080 . 0002 .0001 - . 0021 0 . )0 5 . 93 . 0003 - . 0017 
. )224 - . 0056 - . 0011 - . 0002 - . 0037 0 .)3 7.90 . 0064 - . 0020 
Set3 - . 0)2) . 0010 - . 000) - . 0059 0 . 41 9 . 87 - . 0001 - . 0025 
. 7)55 - .0741 . 0011 - .()()()I" - . 0079 
Flat-plate taila 
-<> . 01\69 0 . oct3 0 . 0005 0 . 0005 -<>. 0013 - 10 9 . 92 0 0 .176) 0 . 0110 
- . 0342 . 00)1 . 0028 .0006 - . 0002 -10 14 . 75 0 . 3084 . 0073 
- . 000) .0000 . 0019 . 0005 . 000) -10 19 . 58 0 .4797 - . 010) 
. 0342 - . 0018 . 0020 . 0005 . 0002 -10 a. . 58 0 . 6924 - .et24 
. 0709 - . 00,2 . 0022 . 0005 . 0008 0 0 - 5 .00 . 0001 - . 0001 
.1086 - . 0056 . 0011 . 0005 .0003 0 0 - ) . 92 . 00)8 - . 0001 
. 1719 - .012) . 0029 . 0005 . 0005 0 0 -2.83 . 0037 - . 0001 
. 1997 - .0171 . 0013 . 0006 . 0001 0 0 -1.75 . 0037 . 0000 
. 34d! - • J)8) - . 0011 . 0009 - . 0001 0 0 - S8 . 0037 . 0000 
. 5262 - . 0864 - . 0018 .0008 . 0010 0 0 .17 . 0072 ' - . 0005 
. 7692 - .1306 - . 00,1 . 0006 . 0028 0 0 1.33 . 0073 - . 0005 
- . 1015 . 0)71 . 0008 - . 0001 . 0000 0 0 2.26 . 007) - . 0005 
- . 00)9 . 0122 . 0012 - .0004 . 0017 0 0 ) .18 . 0067 - . 0005 
. 0251 . 0160 . 0002 - . 0003 .0020 0 0 ) . 9) . 0070 - . 0005 
. 0580 . 0184 .0004 - . 000) . 0026 0 0 5. 9) . 0070 - .0004 
.0948 . 0139 . 0006 - .ooet . 00)) 0 0 8.01 . 0070 - .ooct 
. 1342 . 01)1 . 0000 - .0004 . 00)2 
10" Flared taU. 
-0 . 0844 0 . 0108 0 . 0008 0 . 000) -0 .0004 0 0 5.58 0 . 0064 0 . 0002 
- . 0)27 .0060 . 0010 . 0003 .0005 0 0 7. 75 . 0067 .0006 
. 0021 . 0000 . 0020 . 0003 . 0006 0 0 9 . 75 . • 0072 . 00ct 
. 0375 - . 00,3 . 000) . 000) . 001) - 10 .4 9 . 92 0 .1818 . 0122 
.0726 - . 0074 . 0011 . 0002 . 0020 -10. 4 11. 75 0 . )110 . 0018 
.109) - . 01)0 - . 0002 . 0003 . 0018 - 10.4 19 . 92 0 .4910 - . 0196 
.1531 - . 0205 . 000) . 0002 . 0011 -10 .4 24 . 8) 0 . 706) - . OS72 
.2007 - . 0274 - . 0008 . 0001 .0017 -10. 4 - 4 . 67 0 - .1095 . OS5) 
. 34)1 
- . OS66 - . 0024 . 000) . 0019 - 10 . 4 - 1 . 92 0 - . ct40 . 0288 
. 5291 - .1OS) - . 0022 . 0007 . 0027 -10 .4 0 0 - . 0040 . 0154 
. 7570 - .1684 - . 0075 . 0012 . 0029 - 10.4 1.92 0 . 0250 . 018) 
.0084 - . 0002 . 0018 - . 0033 . etOl - 10.4 ) . 8) 0 . OS72 . 0226 
. 0085 
- . 00ct . 0012 - . 0006 . 0210 -10 .4 5 . 8) 0 .0965 . 0148 
. 0086 . 0000 . 0008 - . 00d! . 0082 -10 .4 7 . 75 0 .1377 . 0117 
.0087 . 0005 . 0006 . 0000 . 0012 - 10 .4 9 . 8) 0 .1810 . 0117 
.0088 . 0005 . 0003 . 000) - . 0056 -10 .4 11 . 58 0 . 3146 . 0023 
. 0088 .ooct . 0001 . 0007 - . 0128 - 10 . 4 19 . 75 0 .4912 - . 0201 
. 0077 . JOd, - . 0003 . 0018 - . 0223 - 10.4 24 . 75 0 . 7066 - . OS67 
. 0(6) . 000) . 000) . 0027 - . 0)10 
2rf' Fa r ed taU. 
-0 . 0869 0 . 0184 0 . 0002 -<>. ooet -<> . 0011 0 0 2 . 58 0 . 0092 -<>.0012 
- . 0)20 . 0092 . 000) - . 0001 - . 0005 0 0 3 . n7 . 0092 - . 0013 
. 0051 . 0000 . 0003 . 0000 . 0001 0 0 5: 58 . 0090 
- . 0010 
. 05C!' - . 010~ - .0019 - . nOOl - . llOO2 0 0 7 SO . 0079 - . 0012 
.0794 - . 0)42 - . 0006 ."11(\1 - . 00ct 0 0 9.50 . 0071 - . 0009 
.1181 - .02)0 - . 00)), . OOOJ . 0002 - 10. 2 
- 4.58 0 - .1185 . 0700 
.)(;)0 
- . 0341 - . 0011 . 0001 .0003 - 10. 2 - 1.8) 0 
- . et58 . 0325 
. 2121 - . et28 - .00)2 . 0003 .0006 - 10 . 2 .08 0 - . octo . 011) 
. 3622 - . 0024 - . 0034 . 0007 . 0010 -10 . 2 1.83 0 . 0247 .0180 
. 5529 - .1425 - . 0059 . 0009 . 0015 - 10. 2 4 . 00 0 . • OS37 . 0250 
. 7690 - . 2164 - .0095 .0014 .0024 - 10. 2 5. 92 0 . 0969 . 01)) 
.0062 - . 001) - . 0002 - .OOM .et55 - 10. 2 7. 63 0 . 11a0) . 0070 
. 0100 
- . 0021 - . 0007 
-
. 002? .0207 -JO . ~ 9. 92 0 . )R29 . 0053 
. 0076 - .0017 - . 0012 - . 0011 . 0092 -10 . 2 11 . 75 0 . 3206 - . 0091 
.0090 - . 0013 - . 0011 - .0001 . 0006 - 10. 2 19 . 67 0 .[,980 - . 0394 
.0091 - . 0010 - . 0016 . 0009 - . 0074 - 10. 2 24 . 58 0 . 7211 - . 0C49 
. 0091 - . 0010 - . 0018 . 0020 - . 0119 
CONFIDENTIAL 
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C Cn Cy 1 
0 . 0007 0 . 0001 -<> . 0011 
- .0001 . 0000 - . 0020 
- . 0009 . 0000 . 0000 
- .0009 . 0000 - . 0007 
- . 0001 . 0002 - .0016 
- . 0010 . 0001 - . 0017 
- . 0017 . 0001 - . 0019 
. 0001 . 0002 - . 0018 
- . 0010 . 0003 - . 0026 
- . 0007 . 0002 - .0037 
. 0017 . 0000 - . 0059 
- . 0034 - . 001) . 0154 
. 0001 . 0005 .0001 
- . 0005 . 0013 - . 0094 
- . 0018 . 0022 - . 0178 
- . 0016 . 00,2 - . 0244 
. 0011 . 0055 - .0395 
. 0008 . 0071 - .et50 
. 0020 .0085 - .OS93 
. 000) . 0113 - . 0769 
- . 0006 . 0151 - .0981 
-<>.0021 -<>. 00ct 0 . 0034 
- . 0011 - .ooct . 0051 
- . 0039 - . 0002 . 0063 
- . 00,8 . 0001 . 0084 
. 0005 - . 0015 . 0)97 
. 0000 - . 0011 . 0)18 
- . 0003 - . 0010 . 0242 
- . 0006 - .ooct . 0165 
- . 0009 - . 000) .0084 
. 00,5 - . 000) . 0028 
. 00,) 
- . 0002 - . 00,0 L 
. 0041 - . 000) - . 0101 
- . 0001 . 0002 . - . 018) 
. 0016 . 0002 - . 0261 
. 0011 . 0012 - . et22 
.0006 . 0017 - . OS83 
-0. 000) 0 . 004l -O .et8) 
- . 0019 .0058 - . 0687 
- .005h . 0081 - . 0901 
- . 0010 . 0005 . 00l4 
- . 0020 .0006 . 0019 
- . 0027 . 0009 . 00)) 
- . 00)7 . 0012 . 00,9 
. 0000 . 0010 - . 0018 
. 0021 . 0008 - .0004 
. 001) . 0005 . 0001 
. 0012 .0006 . 0006 
- . 0005 . 0006 . 0006 
. 0006 .0006 .0011 
- . 0006 .0006 . 0016 
- . 0020 . 0005 . 0012 
- . 0020 .0006 . 0019 
- . 0037 . 0010 . 0033 
- . 0055 . OOJ4 . 0055 
-<> . 0021 0 . 0041 
-<>. 0253 
- .0024 .• 0056 - . 0350 
- .ooll .0084 - . OS)6 
- . OO',~ .Om - . 071<5 
- . 00,5 . 0149 
- . 0977 
. 0008 . 0001 - . 0018 
. 0011 .0000 
- . 0006 
. 0021 - . 0001 . 0002 
. 0012 .0002 . 0001' 
. 0013 . 0002 . 0011 
- . 0003 . 0001 . 0010 
. 0001 . 0002 .0008 
- . 0011 . 000) .0011, 
- . 0016 .0006 . <X)2] 
- . 0026 . 0009 . 0035 
- . oct4 . 0015 . 00,2 
J 
I 
I 
------~~-~ .. ----
NACA RM L55F17 CONFIDENTIAL 13 
iH, 0., P, 
deg. def· de£. 
0 
- L83 0 
0 
- 1.83 0 
0 .25 0 
0 2.00 0 
0 ).92 0 
0 5.8) 0 
0 1.8) 0 
0 9.75 0 
0 lL.5O 0 
0 19.)) 0 
0 24.08 0 
0 - 5.08 0 
0 - 2.11 0 
0 
-
.11 0 
0 1.92 0 
0 ).8) 0 
0 5.15 0 
0 1.8) 0 
0 9.67 0 
0 lL.15 0 
0 19.50 0 
0 24.)) 0 
0 
- 5.00 - 1.99 
0 - 2.25 - 2.00 
0 
-
.11 - 2.00 
0 1.8) - 2.00 
0 4.00 - 1.99 
0 5 . 58 - 1.99 
0 1.68 - 1.99 
0 9.68 - 1.98 
0 lL.59 - 1.94 
0 19.51 - 1.81 
0 24.51 - 1.80 
0 - 5.00 - 1.00 
0 - 1.8) - 1.00 
0 
-
.11 - 1.00 
0 1.8) -1.00 
0 ).61 - 1.00 
0 5.61 - 1.00 
0 7.61 - .99 
0 9.6) - 1.00 
0 lL.5O - .• 91 
0 19.42 - .94 
0 24.)) 
-
.90 
0 - 5 .08 0 
0 - 2.00 0 
0 
-
.08 0 
0 2.00 0 
0 ).15 0 
0 5.15 0 
0 1.92 0 
0 9.8) 0 
0 lL.61 0 
0 19.)6 0 
0 24.25 0 
0 - 5 . 00 1.01 
0 - 2.11 1.01 
0 .08 1.00 
0 1.61 1.01 
0 ).15 1.00 
0 5.56 1.00 
0 1.61 .99 
0 9 .15 .96 
0 1I, .SS . 91 
0 19.58 .94 
0 24.50 .89 
TABIE r1. - AERODYNAMIC CHARACT~rsrrcs OF THE MODELS t<r M ~ 6 .86; R ~ }43,000; 
FIVE- Ca.!POOENJ' BODY-AXIS DKrA - Continued 
(al Complete model - Concluded 
CN Cm 0 C n Cy i , 
0., PJ ~ Cm C I de~ . de g . deg . t 
30" Flared taila 
-0 . 0924 0 . 0219 0 . 0002 0. 0005 0 . 0011 0 0 - 4.83 0.0081 - 0 . 0001 -0 . 0001 
- . 0350 .0144 - . 0006 . 0004 . 0010 0 0 - 2.11 . 0088 - . 0029 - . 0001 
. 0026 . 0000 - . 0001 . 0002 .0016 0 0 - 1 . 00 . 0089 - .0021 - . 0011 
. oL)l - . 01)1 - . 0001 .0002 . 0019 0 0 . 08 . 0089 - .001) - . 00lL 
. 08)8 - . 021,2 . 000. .0000 . 0028 0 0 . 83 . 010) - .0010 - .0015 
.1251 - .0)61 - .001L . 0002 . 0029 0 0 1.8) . 0091 - . 0011 - .0018 
.1115 - . 0506 - .0010 . 0000 . 00)8 0 0 2 .50 .0105 - . 0008 - .0020 
. 2217 - .0629 - . 0033 - . 0002 . 00)1 0 0 ).SS . 0105 - . 0010 - .002) 
. 3153 - .1141 - . 00. 1 - . 0001 . 00.0 0 0 5 .50 . 009) - .001) - .00)0 
.5757 - .1870 - . 0011 . 0000 . 0061 0 0 7.42 . 0094 - . 0002 - . 00)6 
. 8190 - . 2764 - . 0117 .0003 . 0075 0 0 9 . 83 .0086 . 0000 - .006L 
x-tail configuration 
-O. 06lL .0058 .0009 -0.0001 -0.0012 0 0 - 5 . 00 0.007) -0 . 0020 -0.0009 
- . 0211 .000. . 0011 - . 0002 - . 0006 0 0 - ) . 08 . 0014 - . 0019 - .0005 
. 00)6 
- .000. . 0011 - . 0002 - . oooL 0 0 - 1.08 . 001) - . 0018 - . 0010 
. 0)51 - . 001) .0011 . 0000 - . 000) 0 0 - .08 .0074 - . 0018 - . (00) 
. 0109 - . 0054 .0012 . 0000 . 0000 0 0 . 8) .0074 - . 0018 - . 0006 
.1080 - .0100 . 0013 . 0000 - . 000) 0 0 1.8) . 0076 - . 0011 . 0001 
. ))"92 - . 0164 .0006 - . 0001 - . oooL 0 0 2. 8) . 0011 - . 0011 . 0008 
. 1975 - .0269 . 000) .<XXX, - . 0019 0 0 ) . 15 . 0078 - . 0016 . 0015 
. 3462 - . 0651 - . 0008 . 0001 - . 0001 0 0 5 .61 . 0074 - . 00lL - . 0011 
. 5288 - .1069 - . 00)0 - . 0002 . 00oL 0 0 1.61 .001) - . 00l2 - . 00lS 
. 7485 - .1568 - .0050 - . 0022 . 0120 
stulrtail configuration 
-0.0959 0 . 0208 0. 0001 -O.oooL 0 .0108 0 - 5 .11 1.98 -0.094) o . 02oL -0.0012 
- .oL20 . 0160 - .000. - . 0006 .oill 0 - 2.00 1.99 - .oL08 . 0146 - . 0024 
- . 0026 . 0112 - . 0008 - . 0001 . 0092 0 - .11 2. 00 - . 0029 .0060 - . 0025 
. 0)62 - . 0021 . 0001 - . 0005 . 009) 0 1.92 1.99 . 0)51 - . 0021 - . 0016 
. 074) - .0072 . 0018 - . oooL .0105 0 ) . 8) 1.99 .0726 - . 001) - .0017 
.11)0 - .01)0 . 0001 - . 0001 . 0101 0 5 .68 1.99 .1126 - . 0121 - . 0010 
.1571 - .0224 . 0022 .OOOU . 0108 0 1.68 1.98 .1571 - . 0217 - . 001) 
. 2082 - .0314 . 002) . 0006 . 0109 0 9 . 61 1.91 . 2061 - .OP9 - . 0009 
. )555 - .0659 . 003) - .000. . 000l 0 lL.SS 1.92 .)557 - . 0658 .000. 
.5516 - .1243 .0052 - . 0015 . 0111 0 19 . 51 1.81 .5482 - .1229 . 0022 
. 191) - .1915 . 0081 - . 0024 . 0205 0 24.51 1.80 .1843 - .1946 . 0062 
- . 0951 .0210 - .000. - .0001 . 0010 0 - 5. 01 2.98 - . 0940 . 021Y> .0005 
- . 0)99 . 0151 - . 0001 - . 0001 . 0060 0 - 2. 01 ) . 00 - . 0)89 .OlL5 - . 0011 
- . 0028 .0061 - . 0011 . 0000 . 0059 0 . 08 3. 00 - . 00lL . 0060 - . 0009 
. 0)51 - .0022 . 0001 . 0000 .0059 0 1.92 ) . 00 . 0)66 - . 0022 - . 0010 
.0722 - .0068 - . 0010 .0001 . 0052 0 ) . 92 2. 99 . 0140 - .0058 - . 00l2 
.1118 - .0121 - . 000) - .0001 .005) 0 5. 15 2.99 .110) - . 0108 - . 001) 
.1582 - .0228 .0011 . 0001 . 005) 0 1.$ 2 . 98 .1565 - . 0216 . 0000 
. 2016 - .0)lL . 00lL . oooL . 0055 0 9 . 64 2. 96 . 2056 - . 0)09 - . 0001 
. )566 - .0661 •• 002) . 0000 . 0056 0 lL.52 2. 90 .)511 - . 0655 . 00lL 
.5465 - .12)) . 00)6 - . 0005 . 0055 0 19 . $ 2. 61 .~)6 - .1224 . 0034 
. 1811 - .1961 .0051 - . 0010 . 0056 0 24 . 44 2.70 .1191 - .1920 . 0071 
- . 09)8 . 0204 - . 0006 . (00) . 0024 0 - 5 . 09 ).91 - . 0694 . 0202 - . 0020 
- . oLOO .0152 - . 0018 . 0002 . 0014 0 - 2 . 08 4. 00 - .O)~ . 01)6 - . 00)2 
- . 0028 .00f.8 - . 0019 . 0002 - . 0002 0 0 4.00 . 0007 .0055 - . 00)2 
. 0))6 - . 0018 - . 0020 . 000) - . 0008 0 1.92 4 . 00 . 0)61 - . 0021 - . 0034 
. 0726 - . 006) - . (01) .000) - . 00lL 0 ) . 9) 4. 00 . 0161 - . 006) - . 00.4 
.1118 - .0129 - . 00lL . 00oL - . 0010 0 5.16 ) .98 .115) - . 0119 - . 00)6 
.156) - . 02)2 . 0001 .0005 - . 0006 0 7.69 ) . 91 .1600 - . 0211 - .00.0 
. 201) - . 0)11 - . 0005 . 0001 - . 0015 0 9. 18 ) . 95 . 2016 - .0)21 - . 0028 
. 3546 - . 0658 . 0009 .0005 - . 0016 0 lL.61 ) . 61 . )54) - . 066L - . 0011 
. 5460 - .1234 . 00)6 .000. - . 00)0 0 19 . 62 ) . 75 . ~52 - . • 1211 . 0001 
. 164) - .1944 .0056 . 0002 - .0044 0 24 . )6 ) . 61 .111) - .169) .oo.} 
- . 0946 .0200 - . 0011 - . 0002 - . 0071 0 - 5 . 22 1. 92 - . 09~1 .02)2 - . 0011 
- . 0)9) .0144 - . 00)0 
- .~~ - .0015 0 - 1.92 7. oA - . 0)11 •• 0lLl - . 00)3 
. 0005 .0058 - . 00)2 . 0000 - ."(11) 0 0 p . Ol . 0019 .00& - . 00)6 
. 0)68 - .0026 - .aoa. - .0001 - .0079 0 1.92 8 . 01 . oL22 - . 0016 - . 0029 
. 07)0 
- .0081 - . 0025 . 0002 - .OOB7 0 ) . 81 8 . 00 . 0806 - . 0080 - .00)2 
.1lLl .:. .0136 - . 0019 . (00) - . 008) 0 5. 81 7.98 .1225 - . 01)9 - . 00)6 
.1599 - . 02)9 - . 0023 . 0001 - . 0092 0 1 .91 1.<k .1611 - . 02)9 - . 0032 
. 2066 - .0)21. - .0018 . 0002 - . 010) 0 9 .93 1. ~9 . 22)0 - . 0)85 - .00)2 
. )548 - .066) . (00) . 0006 - . 0127 0 lL . 91 1. 12 . )724 - . 0121 - . 0028 
. 552) - .1242 . 0006 . 0011 - . 0161 0 19 . 92 1 . 50 . 5120 - .1242 - . 0006 
. 7912 - .1982 . 00.0 .0024 - .020) 0 24 .11 1 . 22 . 8oLL - .1855 . 0018 
CONFIDENTIAL 
C ~ n 
-0 . 0120 0.0524 
- .00.) .02L1 
- .002) .01et. 
- . 000) .0009 
.00lL - .0070 
. 00)2 - .0168 
. 006) - .0291 
.0081 - .0)94 
. 0129 - .0616 
. 0175 - .0841 
. 0228 - .11)6 
·0. 00)9 -O . oL06 
.0011 - .02)0 
.000. - .0011 
- .0002 - .0005 
- . 0008 .0066 
- .00lL .0lLO 
- . 0022 . 0216 
- .00)1 .0)02 
- . 0059 .05)) 
- .0094 .0103 
0 . 001) -O. olSO 
.00l2 - .0161 
. 0008 - .0152 
. 00l2 - . 0169 
.00l2 - .0111 
. 0010 - .0115 
. 0006 - .0184 
.0005 - ,019) 
. 00lS - . 02)2 
.DD2L - . 0296 
. 0034 - .0344 
.0017 - .0196 
. 001) - .021) 
.00lL - . 0216 
.001) - . 0225 
.0010 - .0221 
. 0009 - .02)2 
. 0006 - .02L0 
.0005 - .0251 
.0011 - .0)oL 
. 00)1 - .0)52 
.00.1 - .oL24 
. 0024 - .0340 
.0015 - .0)21 
.001) - .0)23 
.00lL - .0)29 
.0001 - .0264 
.0011 - . 0291 
.0005 - .0)01 
.0006 - .0)58 
.0022 - .oL)) 
.00.2 - .0516 
.0062 - .0599 
. 0068 - .0725 
. ooLl - .0615 
.0026 - .0668 
.002) - .0610 
.0018 - .0611 
. 0019 - .0692 
.0011 - .0109 
. 0026 - .0150 
'ooL6 - .0810 
.0014 - .100) 
. 0100 
- .ill5 
14 CONFillENTIAL NACA RM L55F17 
TABLE 11. - AERODYNAMIC CHARACTERISTICS OF THE MODELS AT M = 6 .86; R = 343,000; 
FIVE-COMPONENT BODY-AXIS DATA - Concluded 
(b) Body-tail configuration; ~ = 0° 
i H, _.U ) CN Cm i H, u., CN Cm 1 i H, u, CN C deB· deg. deg. dee. deg. dee · m 
100 wedge tail.s 
0 0.12 0.0002 - 0.0008 0 19. 55 0.2893 -0.1411 -10 15. 00 0.1253 0. 0002 
0 1.08 . 0088 -.0037 0 21 . 50 .3347 -.1671 -10 19 .83 . 2068 -. 0294 
0 2. 02 .0163 -.0069 0 23 .40 . 3778 -.1923 -10 24 .58 . 3008 -.0684 
0 3.03 .0240 -.0099 0 25 .35 .4287 -.2214 -20 1 .42 -. 0598 .1012 
0 3.98 . 0345 -.0133 0 27 .30 .4820 -. 2505 - 20 2.42 -. 0414 . 0920 
0 4. 98 •• ct38 -.0170 -10 -4.75 -.0754 .0734 -20 4 .33 -. 02l7 .0822 
0 5 .92 .0545 -. 0205 -10 -1. 75 -.ct35 . 0561 - 20 6. 25 -. 0009 .0732' 
0 7.88 . 0767 -.0285 -10 . 08 -. 0249 .0450 - 20 8. 83 . 0191 .0668 
0 9.83 .1020 -.0388 -10 2.17 -. 0076 . 0372 - 20 10.08 . 0379 . 0655 
0 11 .87 .1290 -.0512 -10 4. 08 .0101 .0296 - 20 15.17 . 0901 . 0620 
0 13 .82 .1609 -.0678 -10 6. 08 . 0292 . 024 3 -20 20 .00 .1587 .0539 
0 15. 70 . 2030 -.0897 -10 8 .08 . ct70 .0198 -20 25 .00 .2411 . 0324 
0 17. 68 . 2460 -.1151 -10 10. 00 .0683 .0157 
Flat-plate tails 
-10 -4 .67 -0. 0580 0 .~24 -10 4. 00 0. 0152 0. 0227 -10 14 . 75 0.1254 0.0112 
-10 -1.83 -.0310 .0322 -10 6.08 . 0316 . 0210 -10 19 .75 " .1992 -.0079 
-10 .25 -.0161 .0274 -10 8.00 .0481 .0202 -10 24.75 . 2870 -.0362 \. 
-10 2. 08 -.0001 .0244 -10 10.00 .0683 .0184 
10° Flared tails 
-10.4 -4 .58 - 0. 0703 0.0635 -10.4 4.00 0. 0127 0.02 77 -10.4 11 . 75 0.1262 0. 0070 
-10.4 -1. 75 -. ct07 .0484 -10.4 6.08 . 0292 .0241 -10.4 19. 75 . 2036 -.0179 
-10.4 .17 -.0221 . 0395 -10.4 8. 00 . ctS1 .02l5 -10.4 24 . 67 .2977 -. 0525 
-10.4 2. 08 -.0048 . 0325 -lQ.~ 9. 92 . 0682 .0188 
20° F1a red t ails .-
-10.2 -4 .58 -0 .0798 0.0804 -10. 2 4 . 08 0.0098 0.0311 " -10. 2 14 . 75 0.1323 -0 .0048 
-10.2 -1.75 -.0465 .0612 -10.2 6. 08 . 0289 . 0244 -10.2 19.67 . 2142 -.0383 
-10.2 . 33 -.0279 .ct88 -10.2 8.00 .0483 . 0199 ":-10.2 20 .58 . 3142 -.0843 
-10.2 2.17 -. 0092 .0395 -10.2 9.92 .0710 .0139 
30° Flared tails 
-9 .6 -4 .59 -0.0872 0.0957 -9. 6 3.75 0.0090 0.0323 -9 .6 14. 50 0.1437 0.0257 
-9.6 - 2. 00 -.0532 .0724 - 9. 6 5.83 .0303 .0219 - 9.6 19 .41 .2327 .0726 
- 9.6 -.17 -. 03 22 .0569 - 9. 6 7.75 . 0520 .0133 - 9.6 24.16 .3408 .1326 
-9.6 2. 08 -.0112 I . 0451 -9.6 9.91 .0748 .0046 
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TABLE III. - AERODYNAMIC CHARACTERlffi'ICS OF THE MODElS AT M = 6.86; R = 343, 000; 
TWO-COMPOOENl' ffi'ABI LlTY-AXIS DATA 
(a ) Complete model; ~ = 00 
i H, a. , CL Co L/O i H, a. , de g . deg. deg . dee · 
CL Co L/O i R ) a. , ~ Co L/O de g . de g . 
10" wedge taU. 
0 
-0. 03 0. 0078 0 . 0374 0.21 0 26 .33 0.7362 0 .4571 1.61 -10 3.83 o.CXJu 0.0517 0.85 
0 1.80 . 0431 . <1118 1.03 -10 - 5 .25 -.1227 . 0729 -1.68 -10 4 .83 .0569 .0571 .99 
0 3 . 77 . 0782 . et87 1.61 -10 -4.25 -.1024 .0644 -1.59 -10 6.00 . 0844 .0579 1.45 
0 5. 93 .1178 . 0574 2.05 -10 - 2.25 -.0542 .<1196 -1.09 -10 8 .17 .U59 .0691 1.82 
0 8 .13 .1618 .0699 2.31 -10 -.17 - .OU 2 .<1159 -.24 -10 10. 08 .1597 . 0855 1.86 
0 10 .35 .2091 . 0882 2. 37 - 10 -.08 -.0102 .<1122 -.24 -10 15 .67 . 2936 .1438 2.<11 
0 15 .67 . 3564 .1581 2. 25 - 10 1..92 .011.1 .Cio56 . 39 -10 26.00 . 6545 .3972 1.64 
0 20.78 .5465 . 2743 1.99 .. 
Flat-p~ te. tai ls 
0 - 5 .25 -0. 0069 0. <1158 -1.898 0 10. 00 0.1002 0 . 0766 2. 351 - 10 1. 58 0.0148 0.0394 0. 3762 
0 
-4.33 - . 0697 . <:446 - 1.562 0 15 .17 , )1.4l .1336 2. 352 -10 3 .67 . <1150 .<:444 1.012 
0 - 2 . 25 - . 0377 . 0385 -.9802 0 20.50 .4887 .2377 2. 056 -10 4. 75 . 0638 .<1163 1.379 
0 
- .25 -.0065 . 0349 -. ]RI.~6 0 25 .92 .6918 .3984 1.737 -10 5.67 .0822 .0501 1.641 
'0 
-.17 -.0064 . 03411 -.1861 . -10 - 5 .17 -.1099 .0551 -1.993 -10 8. 00 .1203 . 0603 1.~4 
0 1. 75 .0255 . 0379 .6710 -10 -4.75 -. 0896 .0505 -1. 770 -10 10.17 .1610 .0752 2.141 
0 3. 92 .0608 . eM3 1.342 -10 - 2.42 -.0505 . <1110 -1.231 -10 15. 25 . 2884 .1286 2. 244 
0 4. 83 . 0752 . et61 1.631 -10 -.42 -.0129 . 0364 -.354 -10 20.58 .4519 .2229 2.026 
0 5 . 83 . 0955 . 0528 1.807 -1 0 -.17 - .0129 . 0371 -. 3')01 -10 25 . 92 .6431 .3712 1.733 
0 7 .83 .1356 . 0622 2 .18J. 
10° Flared tai l s 
J 
0 
- 5 .33 -0 . 0929 0 . 0514 -1.81 -10.2 -4 .42" -0. 0992 .0588 -1. 69 -10 .. 2 4.92 0. 0616 0 . 05<11 1.22 
0 -. 25 -. 0063 . 0375 - .170 -10 .2 - 3 . 33 -.0809 .0538 -1 .50 -10.2 5. 75 . 0812 .0533 1.52 
0 5 . 00 . 0818 .0522 1 .57 -10.2 - 2.25 -.0566 .<1177 -1.19 -10.2 7. 92 . ll90 .(")({2.6 1.90 
0 10 .08 .lB91 .OBI B 2 . 31 -10 .2 -.42 -.0153 .<l,07 -.375 -10 .2 9 .92 .1607 .0759 2 .12 
0 15 .17 .3356 .1459 2.30 -10.2 -.17 -.0156 . 0397 - .394 - 10. 2 15 . 33 . 2888 .1320 2.19 
0 20 .67 .5188 . 2590 2. 00 -10.2 1.75 . 0132 .<1126 . 310 -10.2 20. 58 .4536 . 2283 1.99 
0 26 . 00 .7161 .4257 1.68 -10.2 3.67 .<1131 .<1175 . 909 -10.2 25 .83 .6471 .3765 1.72 
200 Flared t ails 
0 -5. 50 -0.0988 0 .0596 -1.66 -10.2 -4.17 -0.1105 0.0715 -1 .55 -10.2 4. 92 0.0596 0. 0500 0.980 
0 . 25 -.0089 . <1144 -.202 -10. 2 - 3.33 -.0836 .0636 -1.32 - 10.2 5 .75 . 0824 .0591 1.39 
0 4 . 67 . 0815 . 0591 1.)8 -10. 2 - 2. 25 -.0583 . 0546 -1.07 -10.2 7.67 .1219 .0677 1.80 
0 10 . 08 .1918 . 0925 2.07 -10.2 -. 25 -.0141 .<1191 -. 288 -10. 2 10. 00 .1593 .0871 1.83 
0 15. 25 . 3364 .1593 2. 11 -10.·2 -.17 -.Oll7 .<1146 -.263 -10.2 15. 17 . 2906 .1437 2.02 
0 20 . 67 . 5265 . 2769 1 . 90 -10.2 1.58 .0159 . et83 . 329 -10.2 20.42 . 4568 . 2410 1.90 
0 25 . 92 .7277 . 4478 1.62 -10. 2 3.58 .<1132 .0537 . 8<11 -10.2 25 . 75 .6523 .3935 f · 66 
30" Flared tails 
0 
- 5 . 33 - 0 .1050 0 . 0673 -1. 56 -9.6 -4.3) -O.ll63 0 .0800 -1.45 -9 . 6 5.75 0 . 0844 0 .0686 1.23 
0 -.17 -.0116 . <1169 - . 248 - 9. 6 -3.25 -. 0919 .0744 -1.24 - 9 .6 7. 75 .1300 . 0775 1.68 
0 4 . 83 . 0824 .0665 1.2)9. . - 9 . 6 - 2.17 -.0583 .0632 -.922 -9 .6 9. 92 .1629 .0916 1.78 
0 10 .17 .1989 .1019 1 .952' - 9.6 -.25 -.0141 .0514 -. 226 - 9 . 6 15. 25 . 2942 .1503 1.96 
0 15. 33 . 3512 .171..2 2 .016 - 9 .6 1.75 . 0193 .0538 . 359 - 9 .6 20.58 .4642 .2521 1.84 
0 20 . 67 .5446 . 2994 1.819 - 9 . 6 3 . 75 .<1118 .0629 . 665 - 9 . 6 25 .50 . 6657 .4079 1.63 
0 25. 83 .7374 .4778 1.544 - 9 . 6 4 .83 . 0541 .0647 . 837 
X-Tai l confil'Uration 
0 0 -0. 0007 0 . <111..3 - 0 . 02 0 4 0 . 0630 o.Cio91 1.28 0 8 0.1396 0. 0674 2.07 
0 1 .0138 . <:448 .31 0 5 .0817 .0523 1.56 0 9 .1616 . 0742 2.18 
0 2 .0299 . <1153 .66 0 6 .1003 . 0563 1.78 0 10 .1853 .0827 2.24 
0 3 .0454 . <1166 . 98 0 7 .1174 . 0611 1.92 
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TABIE III. - AERODYNAMIC CHARACTERISrrCS OF THE MODELS AT M - 6 .86; R = }4},OOO; 
TWO-CCMPONENr STABILITY-AXIS DATA - Concluded 
(b ) Body- tail configuration; ~ = 00 
iH, a , 1- CD L/n iH, a) ~ Cn L/n /H ' a ~ 1- CD L/n deg . deg . deg . deg . e go deg . 
10<' wedge taila 
-20 5 . 63 -0 .0062 0 . ~33 -0.16 - 20 -0. 06 -0.0661 . 0543 -1.21 -20 ~ .06 -0 .1092 0 .0755 -1.44 
-20 4 . 00 -.0292 .~44 -.65 -20 -1.92 -. 0667 .0635 -1.36 - 20 -5 .00 -.1213 .0627 -1.46 
-20. 1.92 -.~62 .~66 -.99 
Flat- plate t a j1s 
0 - 5.25 -O .~31 0. 0237 -1.62 0 20 . 06 0. 2162 0 .1149 1.90 - 10 9. 63 0 . 0610 0. 0366 1.57 
0 - .17 -.0064 .0197 -.33 0 24 .92 . 2997 .1795 1.67 - 10 14. 92 .1176 . 0616 1 .90 
0 4.63 . 0261 . 0239 1.16 -10 - 5 . 25 -.0621 . 0349 -1. 76 -10 19.92 .1777 . 0716 2.46 
0 9 . 75 . 0733 . 0)76 1.94 -10 -.17 -.0196 . 0259 -. 75 -10 25 .00 .2465 .1547 1 . 61 
0 14. 75 . 1372 .C654 2 .10 -.10 4 . 83 .0177 .0273 .65 
100 Flared tails 
0 -5 .06 -0 .~31 0. 0261 -1.53 0 20 . 00 0 .2321 0 .1267 1.83 - 10.4 9.92 0.0606 0 .0362 1.68 \, 
0 -.17 -.0077 . 0246 -.313 0 25 . 17 . 3203 . 2025 1.56 -10.4 15. 00 .1146 . 0617 1 .66 
0 4 .92 . 0319 . 0288 1.11 -10 .4 - 5 .33 -. 0672 . 0384 -1. 75 -10.4 19 .92 .1631 .1014 1 . 81 
0 9 . 75 .0612 .~O 1.65 - 10.4 - .17 - .0218 . 027u - . 79f, -10 . u 25 .00 . 2582 .1595 1.62 
0 15. 06 .1456 . 0750 1.9u -10 .4 u. 83 .0172 . 0276 .622 
2rP Flared tails 
0 -5 .17 -O .~91 0. 0310 -1.58 0 20.17 0 .2507 0.1436 1.75 - 10. 2 10.00 0 . 06U1 O . ~uo 1 .46 
0 -.25 -. 0053 . 0266 -. 20 0 25. 06 . 3436 .2239 1.54 - 10.2 15. 06 .1215 . 0687 1.77 
0 4 . 92 . o35f, . 0316 1.13 -10. 2 - 5 .25 -. 0765 . 0477 -1.64 -10.2 20 . 25 .1911 .1119 1 . 71 
0 9 . B3 .0069 .cMo 1 . ln -10. 2 -.33 -. 0270 .0335 - .61 -10. 2 25. 17 .2751 .1763 1.56 
0 15. 08 .1603 .0f\4u 1.69 - 10 .2 4. 92 .0156 . 0326 .u8 
3rP Flared tail .. 
0 - <; . 25 -0.0538 0 . 0389 -1.38 0 20 .17 0 . 2806 0 .1739 1 . 61 - 9. 6 9 .83 0 .0602 0 . 0513 1.17 
0 -.17 -.0038 .0320 -.12 O . 25 . 33 . 3770 . 2672 1.41 - 9 .6 14 . 92 .1235 .0796 1.55 
0 5 . 00 .~2 . 0393 1.12 -9 .6 - 5 .42 -. 093U .0629 -1.h8 - 9. 6 20. 00 . 2026 .1290 1.57 
0 10 .06 .1~8 . 0607 1.73 - 9 .6 -.21 - .~05 . ~31 - .94 - 9.6 25 . 00 .2909 . 2000 1.u5 
0 15. 06 . 1630 .1~0 1 . 76 - 9 .6 4.58 . 0068 . 0396 .22 
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TABLE IV. - AERODYNAMIC CHARACTERISTICS OF THE MODELS AT M = 6.86; 
R = 343,000; ONE-COMPONENT BALANCE DATA 
(a) Complete model; ~ = 0° 
iH ., a, ~ i H, a) C iH, a, Crn m deg . deg. deg. ~eg. deg. deg. 
3()O Fla. red tails 
- 9 . 6 -5 0.0864 -9.6 2 0.01l~2 -9.6 10 -0.0041 
- 9.6 -2 .0401 -9.6 4 .0274 -9.6 15 -.0302 
- 9 . 6 0 .0116 -9.6 5 .0248 
(b) Body-tail configuration; ~ = 0° 
10° wedge tails 
- 20 -5 0.1175 -20 0 0.1073 -20 4 0.0843 
- 20 -4 .1383 -20 2 .0945 -20 6 .0762 
- 20 -2 .1215 
Flat-plate tails 
0 
-5 0.004 0 5 -0.00) 0 15 -0.0)8 
0 0 .002 0 10 -.014 
10° Flared tails 
0 
-5 0.0105 0 5 -0.012L~ 0 15 -0.0659 
0 0 -.0009 0 10 -.0310 
2cP Fla red tai:Is 
0 
-5 0.0186 0 5 -0.0194 0 15 -0.0960 
0 0 .0020 0 10 -.0471 
30° Fla red tails 
0 
-5 0.0276 0 5 -0.0325 0 15 -0.1313 
0 0 -.0010 0 10 -.0733 
CCNFIDENTIAL 
17 
(") 
~ 
H 
I 
~ 
L-88000 
Figure 1.- Photograph of complete model with 10° wedge tail sections. 
iH :;: _20°. 
.. 
f-' 
co 
o 
~ 
H 
tij 
~ 
~ 
~ 
~ 
~ 
t"i 
\Jl 
~ 
f-' 
.....;J 
NACA RM L55F17 
Re lative wind 
~ 
x s -(~---'-- ­
Relati ve wind 
CONFIDENTIAL 19 
Figure 2.- Systems of reference axes. Arrows indicate positive direction. 
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Figure 4. - Details of the airfoil sections and exposed plan forms of 
the various tails tested. 
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Horlzont~l tail and top vertical tai l Horlzontal tail and bottom vertical tail 
Figure 5.- Tail configurations tested. 
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Figure 6.- Installation of model in the Langley ll-inch hypersonic tunnel. 
a, = 00; ~ = 0°. 
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rat io wi th angl e of attack for the complete mode l configurati on with 
various t ail a irfoil secti ons. i H = 0°; M = 6.86; R = 343,000; 
st ability-axi s data . 
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Figure 8. - Variation of lift coefficient, drag coefficient, and lift-
drag ratio with angle of attack for the complete model using the 
x-tail configuration with 10° wedge tail airfoil sections . M = 6.86; 
R = 343, 000; stability-axis data; ~ = 0°. 
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coefficient with angl e of att ack f or t he compl ete model configura-
tion . M = 6.86; R = 343J OOO; s tabil ity-axis data . 
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Figure 12. - Effect of tail airfoi l section on the variation of lift-drag 
ratio with angle of attack for the complete model configuration. 
M = 6.86 ; R = 343)000; stability-axis data. 
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(a) Complete model configuration; iH = 0°; ~ = 0°. 
Figure 13. - Effect of tai l airfoil section on the variation of pitching-
moment coefficient with angle of attack f or the complete model and 
body- tail configurations. M = 6.86; R = 343)000; stability-axis data. 
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(c) Complete model configuration; iH ~ _100; ~ = 00 . 
Figure 13.- Concluded. 
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(b) Yawing-moment coefficient . 
Figure 14.- Effect of tail airfoil section on the variations of the 
lateral- force coefficient, yawing- moment coefficient, and rolling-
moment coefficient with sideslip angle for the complete model config-
uration . M = 6.86; R = 343,000; body- axis data; a = 00 . 
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Figure 14.- Concluded. 
CONFIDENTIAL 
44 CONFIDENTIAL NACA RM L55F17 
.06 
~ ~ f--
-
I--
.04 
.02 
o 
o 
r--t--I----
- r---
( b t--t--
-
I--
-
---
I-- I""----
-.004 
----
-.008 
o 
-
-
Cy ~ -.01 
-.02 
.004 
o II!' wedge tail 
I---
-
I---f-
<D 
--
---
~ r---
o 
1-
o 4 e 12 16 20 28 32 
Angle of tail flare, deg. 
Figure 15.- Summary of the variation of the static stability derivatives 
and minimum drag coefficient with angle of tail flare for the complete 
model. ~ = 00 ; M = 6.86; R = 343,000. 
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the complete model using the stub-tail configuration with 100 wedge 
tail airfoil sections. M ~ 6.86; R = 343,000; body-axis data. 
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Figure 17.- Effect of tail-surface location and 
of pitching-moment coefficient with angle of 
model configuration with 10° wedge sections. 
M = 6.86; R = 343,000; stability-axis data. 
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Figure 18.- Effect of tail- surface location and geometry on the variation 
of lateral-force coefficient, rolling-moment coefficient, and yawing-
moment coefficient with sideslip angle for the complete model configu-
ration. M = 6.86; R = 343,000; body-axis data; a = 00 • 
CONFIDENTIAL 
48 CONFIDENTIAL NACA RM L55F17 
. 01 
o 
t-... - t-... _ 
' " 
::::: ~;.-= ~:= 1=:.::: F:= ~.::: t==,~ 1- ... _ 1-.. :.::-~ .::: 1-=='.= p ::.:; 
'- t-. . 
F.a, .~ 1- " 
~ ~ - -: .. ~ ~:~ I=== ::~,:,; t--r--- --~ 
--
-.01 
------
r----.-r---
-.02 
-.0) 
. 002 
. 006 
r---
- - Complete mOdel-¢-
- - - Stub tail --6-
r--- - . - Horizontal tail and botto:u vertical tail V 
V - .. - Korizontal tail and top vertical tail D-
.00. 
r---
_ ... - Body- Wing V 
----
V 
~ 
-
-
~ t:.> 
--
--
---- -
--
.002 
-.--
--
--1--'-
-1--'-
-- -
--
-
~.~ k'-
--
-- .. ~ ~ 
.- .' t-. '- ~ .... :::: F:"·= o:.-"~ 
-"-
- " - r-' .-f- .. - f- .. - - .. -~:. ,-
... -
o 
~ ... -
,..... ... 
1-"'--... -
t- ... -
-. 002 
-8 o 4 8 12 16 20 24 28 
a., deg . 
Figure 19.- Variation of the lateral-stability parameters Cy ) CZ ) 13 13 
and a t with angle of attack for the complete model 
using vari ous tail arrangements with 100 wedge tail airfoil sections. 
M = 6.86; R = 343,000; body- axis data. 
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(a) Complete model with flat-plate tails. 
0.= _.11 ° 
(b) Complete model with 100 flared tails. 
a. = _ . 22 0 
(c) Complete model with 200 flared tails. 
0. = .25° 
(d) Complete model with 300 flared tails. 
Figure 20.- T,ypical schlieren photographs of complete model with various 
tail airfoil sections. M = 6.86; R = 343]000. 
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(a) Complete model with 100 wedge tails . 
(b) Complete model with 100 wedge tails . 
(c) x-tail configuration . 
C1 = _.080 C1 = 14.670 
(d) Stub- tail configuration . L-89315 
Fi gur e 21.- TYPical schlieren photogr aphs of complete model with various 
tail arrangements using 100 wedge tail sections . M = 6.86; R = 343}OOO. 
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